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Fe(III) Fe(II)Microbial reduction

Fe(II) Cr(VI)+ Cr(III) Precipitation

Cr(VI) Bioreduction Lab Studies
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The Cr source is believed to be 
sodium dichromate (Na2 Cr2 O7 .2H2 O)

Hanford 100H

Cr Concentration MapCr Concentration Map Lithological ColumnLithological Column

Hanford 100H Site Characterization

Hanford 100D



Overall Objective 

To carry out field investigations to assess the potential for immobilizing Cr(VI) in groundwater using lactate- 
stimulated bioreduction of Cr(VI) to Cr(III) at the Hanford 100H site, and to determine critical community 
structure changes and stressors that would enable control and predictions of fundamental biogeochemistry 
that enables this bioremediation strategy for Cr(VI)

Integrated Approach
Field Measurements

Hydrogeology Geophysics Geochemistry and 
Isotopic Composition

Lab Measurements

Microbiology



Lactic Acid Molecule

H+ from water

OH- from water

HRC®

(Polylactate Ester)



HRC

Water 
samplers

Ringold clay

Injection of 40 lbs of 13C-labeled HRC 
Well 699-96-45, August 3, 2004

Pumping - 27 days
Well 699-96-44

Hanford sandy gravel 
and gravelly sand

Pumping 

Groundwater level 

Ringold silt

Injection at depths 
of 44 ft to 50 ft

Field HRC Injection Test



Post-HRC Injection Changes in Electrical Conductivity

High Ksat

HRC Injection Zone

2 Days after 
HRC injection

3 DAYS

30 DAYS

Groundwater Flow

Pump

Hypothesis: Lactic acid

Hypothesis: Reaction halo 
due to formation of 
precipitates

Lower Ksat

42’

45’
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45’
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45’
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d13C of Dissolved Inorganic Carbon is Byproduct of HRC Metabolism

Biogeochemical Evidence of Microbial Metabolism in 
Groundwater
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13C Phospholipid Analysis

General bacterial biomarkers indicate rapid enrichment in 13C
13C ratio is greater than expected (overall spiked HRC ratio was 15 per mil)

13C polylactate used as spike it is not esterified to glycerol backbone
it is released and consumed more rapidly

Biomarkers for Flavobacteriaceae increased following injection but showed minimal 
enrichment with 13C.

Flavobacteria do NOT typically utilize lactate, but may use glycerol (backbone, unlabeled)



DOE 16s rDNA microarray
• Rapidly detect the 

composition and diversity of 
microbes in an 
environmental sample

• Massive parallelism - 
550,000 probes in a 1.28 cm2 

array
• all 9,900 species in 16S 

rDNA database
• Single nucleotide mismatch 

resolution

MATCH
MISMATCH

cctagcatgCattctgcata
cctagcatgGattctgcata



Days since HRC injection
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Microarray analysis of bacterial community changes
during Cr(VI) remediation at Hanford 100H site:

Dynamics of some significant organisms.
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30 days later



Data mining – Bidirectional clustering
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Acetoclastic & Hydrogenotrophic Methanogenic Archaea

Sulfate reducers, Iron reducers

Nitrate reducers, Sulfate reducers

Crenarchaeotes

312 & 216 days
Lower depths

I & M

Pre-injection
9 & 112 days
Most depths

I & M
17 days

Most depths
I & M

312 & 216 
Upper depths

Nitrate reducers, sulfur oxidizers

Fermenters, Nitrate reducers, Sulfate reducers

9 & 17 days
Upper depths

I

9 days
All depths

M 216 days
Most depths

M

I  = Injection well
M = Monitoring well

Highest intensity
Lowest intensity



Functional groups – Iron reduction

Days post HRC injection Days post HRC injection
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Fe(II) can abiotically reduce Cr(VI) to Cr(III)



Functional groups – Sulfate reduction

Days post HRC injection Days post HRC injection
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H2 S can abiotically reduce Cr(VI) to Cr(III)



Functional groups – Methanogenesis

Days post HRC injection Days post HRC injection
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Presence of methanogens indicates strongly reducing conditions



Functional microarray analysis
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Affymetrix PhyloChip 
Fluorescence 

Scan

System-specific 
NimbleGen chip

+ NanoSIMS
13C:12C analysis

rRNA profile shows
species that are present 

in the community 

Indicates subset of active 
community that consumed 

13C-label substrate

NanoSIMS + microarray indicates active organisms

----100 μm----

12C rRNA
13C rRNA

Array spotted with 
universal 16S 

probe set

“Chip-SIP” yields identity and function from the same sample

(Hoeprich, Pett-Ridge, Brodie, et al.  New Genomics:GTL project)



DNA

RNA

Protein

Population

Community

Ecosystem

Cell

Ecology
Computational

Ecology
Geochemistry
Computational

Desulfovibrio are present at 
elevated numbers during 
biostimulation

How do cellular responses to relevant field 
conditions impact cellular activities and survival?

Systems Biology to Elucidate Field Relevant Responses

Desulfovibrio spp. have been observed as 
predominant populations at Hanford 100-H 
during biostimulation (Hazen et al.)

Genomic
Proteomic
Metabolomic
Computational



What is Known from Hanford 100H Lactate Biostimulation Experiment

• In situ hydrogeological, geochemical (including radioactive and stable isotope 
analyses), geophysical measurements, and microbiological analyses of water samples 
and sediments provided detailed and robust interpretation of field-scale biogeochemical 
processes. 

• The 13C concentration, which was used to label the injected lactate, is essential to track 
and identify the presence of microbial metabolism and lactate degradation. 

• A sequential depletion of competing terminal electron acceptors O2-, NO3
-, Fe3-,SO4

2-, 

and transiently CO2 , creating a sustained dissolved, ferrous ion environment. 

• A chemical reaction of ferrous ion with toxic and soluble Cr(VI) causes the formation of 
nontoxic and insoluble Cr(III)-Fe complexes. 

• Cr(VI) concentration has remained below the drinking water standards for ~3 years 
after a single 40lb polylactate injection. 

• The longevity of the Cr(VI) bioimmobilization indicates an efficacy of using lactate 
injection for controlling the Cr(VI) concentration in groundwater at many contaminated 
sites. 



What Cellular Systems are Involved in Cr(VI) Responses 
in Desulfovibrio vulgaris Hildenborough?

• Sulfate influx down- 
expressed

• Metal efflux up-expressed

• chrAB up-expressed

• FMN dependent 
nitroreductase, NADH 
dehydrogenase, and FMN 
reductase up-expressed

Klonowska, A., He*, Z., He, Q., Hazen*, T.C., Thieman, S.B., Alm*, E.J., 
Arkin*, A.P., Wall*,J.D., Zhou*, J. and Fields*, M.W. Global Transcriptomic 
Analysis of Chromium(VI) Exposure of Desulfovibrio vulgaris Hildenborough 
Under Sulfate-Reducing Conditions. (in press)
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